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Abstract

Data from Southington, Connecticut, were analyzed using geographic in-
formation systems (GIS) to explore a possible association between exposure to
contaminants from Solvents Recovery Services of New England (SRSNE) and
the incidence of selected types of cancer. Data on the incidence of bladder, kid-
ney, liver, and testicular cancer, leukemia, non-Hodgkin’s lymphoma (NHL),
and Hodgkin’s disease were obtained from the Connecticut Department of
Public Health Tumor Registry for the period 1968 to 1991. Improper disposal
practices by SRSNE caused the air, public drinking water, and soil in
Southington to be contaminated. Possible dose-response relationships be-
tween exposure to emissions from SRSNE and cancer risk were explored by
calculating age and sex standardized incidence ratios (SIR). No statistically
significant increase in the SIR was found for cancer of the bladder, kidney,
liver, or testis, leukemia, NHL, or Hodgkin’s disease for any of the exposure
categories when compared with State of Connecticut incidence rates. The total
SIR of all tumor sites combined, however, demonstrated a statistically signifi-
cant increasing trend in relation to increasing exposure to air emissions.
Among individual tumor sites, the risk of NHL among females was elevated
in locations where the air exposure levels were estimated to be the greatest, al-
though this elevation did not achieve statistical significance. Non-Hodgkin’s
lymphoma incidence has been increasing during the past several decades with
no clear explanation. This study suggests the need for more evaluation of ex-
posure to environmental contaminants and the development of some types of
cancer, with specific attention given to NHL.

Keywords: cancer, non-Hodgkin’s lymphoma (NHL), solvent exposure,
drinking water, air pollution

Background

Solvents Recovery Services of New England (SRSNE) is a National Priority List (NPL)
hazardous waste site located in Southington, Connecticut. SRSNE began its solvent re-
covery operations in 1955. The facility processed between 3 and 5 million gallons of lig-
uid hazardous waste and 100,000 pounds of solid hazardous waste annually.

The SRSNE facility operations included the distillation of recoverable solvents in
batch stills with sludges being placed in unlined on-site lagoons for disposal. Improper
disposal practices by the company caused the air, public drinking water, and soil in
Southington to be contaminated with waste solvents and metals.
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The public drinking water wells #4 and #6 are located approximately 1,200 feet
south of SRSNE. Well #4 was installed in 1966 and well #6 in 1976. The wells were iden-
tified as being contaminated with volatile organic compounds (VOCs) and possibly
heavy metals in 1976 and 1977 (1).

Table 1 presents data on the maximum concentrations of contaminants detected
from public water supply wells #4, #5, and #6. Well #5 is located approximately 4 miles
south of SRSNE and its contamination is not directly site-related. However, SRSNE-
generated wastes were disposed of at the Old Southington Landfill (also an NPL site)
near well #5. These wells were taken out of production in 1979.

Table 1 Highest Recorded Contamination of Public Water Supply Wells, Southington, CT,
1978 and 1979

Contaminant Well #4 (ppb) Well #5 (ppb) Well #6 (ppb)
Trichloroethylene 120 45 11
1,1 dichloroethylene 210 No data No data
1,1 dichloroethane 990 No data No data
t,1,2 dichloroethane 390 6 No data
1,1,1 trichloroethane 33,500 300 120
Tetrachloroethylene 22 No data No data
Carbon tetrachloride 35 9 No data
Hexane 91 No data No data
Methane 400 480 130
Methylene chloride 12 No data No data
Chlorobutane 930 No data No data
Methyl ethyl ketone No data No data 20

ppb = parts per billion
Source: (20)

An on-site open pit incinerator for the burning of solvent and metal sludges oper-
ated with no air pollution controls until 1974, when it was taken out of service. Other
sources of air pollution included evaporation from the lagoons and storage tanks at the
facility, and 25 recovery wells with uncontrolled air strippers.

Methods

Case Ascertainment

Cases of bladder, kidney, liver, and testicular cancer, leukemia, non-Hodgkin’s lym-
phoma, and Hodgkin’s disease diagnosed to Southington residents between 1968 and
1991 were mapped using a geographic information system (GIS) and the census block
where the case resided at the time of diagnosis was identified. Data on drinking water
and air exposure to trichloroethylene (TCE) emissions from SRSNE were estimated and
each census block received a relative exposure score (no actual measurements of
contaminant levels at case addresses was available). Census blocks with the same
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qualitative exposure scores were grouped for analysis. Age and sex standardized inci-
dence ratios (SIRs) were calculated for each tumor site and exposure category to com-
pare the incidence of each cancer in each exposure category with the incidence for
Connecticut as a whole.

The tumor sites included in this study were selected based on epidemiological and
toxicological studies and community concerns. Epidemiological studies have been con-
ducted that linked populations exposed to drinking water contaminants with bladder
cancer, leukemia, and lymphoma (2-15). Toxicological evidence has linked the contam-
inants with liver and kidney cancer in animals (5,6,16). Testicular cancer was included
in the study because citizens in the community expressed concern about testicular can-
cer incidence.

Preliminary review of the cancer incidence information on these sites is summa-
rized in Table 2. While Southington did not experience an excess of these tumor types
when compared with Connecticut state rates, mapping was done on these cases to de-
termine if the incidence of these tumors was increased in areas of the town that were
exposed to air or water contamination from SRSNE. Data on cases of cancer occurring
in residents of Southington between 1968 and 1991 were obtained from the Connecticut
Department of Health (DPH) Tumor Registry. Individual case information includes the
patient’s residential address at time of diagnosis, primary site of diagnosis, age, sex,
and date of diagnosis.

The residential address at time of diagnosis was assigned digital map coordinates
using GIS mapping capabilities. Also, during the geocoding process the census block of
residence was identified. Mapping of addresses was conducted by the Connecticut
Department of Environmental Protection (DEP) with the assistance of an enhanced
TIGER file, Dynamap/2000. Each of the addresses was verified against the Southington
Assessors maps or by field investigation to ensure accuracy of the geocoding.

Of the 424 cases identified from the registry, 422 cases were geocoded. The remain-
ing two cases could not be geocoded because the address was not listed in the registry
records. A map displaying the location of cancer cases in Southington is not presented
here in order to protect the confidentiality of the data.

Water Exposure Modeling

The Agency for Toxic Substances and Disease Registry (ATSDR) and the Georgia
Institute of Technology hydrologically analyzed the water supply system to determine
the geographic areas with the greatest potential for TCE contamination of the drinking
water (17). Data on the contaminants identified by water sampling are presented in
Table 1. Each census block was assigned a relative water exposure ranking. For exam-
ple, those census blocks that did not receive public water and relied on private wells
that could not have been contaminated with emissions from SRSNE received the low-
est exposure rank. Those areas where hydrologic pressure would have been likely to
send most of the contaminated water received the highest score. Those census blocks
receiving the same exposure score were grouped for analysis.

The Southington Water Company provided information on the location, diameter,
and elevation of pipes, and pipe junctures, which was then assigned digital map coor-
dinates by the University of Connecticut’s Department of Geography for use in the GIS.
The Southington Water Company also provided information on the elevation and loca-
tion of reservoirs, location of wells, and the proportion and quantity of the water supply
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provided by these sources over the study period. DPH and the Southington Water
Company provided information on water sampling for contaminants in the water dis-
tribution system.

The model relied on a US Environmental Protection Agency (EPA) computer soft-
ware program, EPANET. EPANET tracks the flow of water within each pipe segment,
the pressure at each pipe junction, the height of water in each reservoir or storage tank,
and the concentration of a contaminant throughout a distribution system (17).

Estimated daily exposure to TCE in the public drinking water was broken into four
water exposure categories and is presented in Table 3 and Figure 1. Two-thirds of the
town was not impacted by water contamination from SRSNE or the Old Southington
Landfill. Water level 1 is the lowest exposure category and 66.4% of the population
lived in those portions of town. The areas northeast of the contaminated wells were es-
timated to receive the highest exposures. Water level 4 is the highest exposure category
and no persons lived in this portion of the town. The shape and distance of the geo-
graphic areas impacted by water contamination was influenced by water usage,
competing sources of water, and the hydrologic pressures in the water distribution sys-
tem. The relative ranking of exposure to TCE in the drinking water by census blocks en-
abled the calculation of SIRs based on potential relative exposure to TCE in drinking
water.

Table 3 Population and Contaminant Levels of Water Exposure Categories, Southington, CT

Water Exposure Estimated TCE Level per

Category Category (pg/L) Population® No. of Census Blocks
Southington 36,723 295

Level 1 No exposure 24,374 236

Level 2 1to <10 7,186 39

Level 3 10 to <50 5,163 18

Level 4 50 or greater 0 2

21980 census figures
pg/L = micrograms per liter
Source: (20)

Air Exposure Modeling

The development of an air contamination model was completed by Robert Tyler of
SciTech Corporation of Wethersfield, Connecticut (18), and funded by ATSDR through
this project. Air quality modeling of probable TCE emissions from the site was per-
formed using the EPA Industrial Source Complex Long-Term (ISCLT2) model in con-
junction with climatological data from the closest National Weather Service station in
Hartford. Emission sources were identified through a review of records on SRSNE at
the DEP, EPA, and DPH.

Standard emission factors were used to estimate emissions from the solvent recla-
mation process, and the receiving/storage and blend tanks. Air stripper emissions were
calculated using mass balance equations based on groundwater flow rates and concen-
trations found in the groundwater and effluent. Engineering calculations were used to
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Figure 1 Geographic areas that received contaminated drinking water, Southington, CT, 1980.

estimate emissions from the lagoons and pit incineration. Calculations were based on
data and equations provided by the EPA.

The overall air impact of TCE was estimated by summing the individual contribu-
tions of each of these sources during the study period and then calculating an average
level for the 24-year study period. There were fluctuations in the values, and maximum
short-term values were not calculated. TCE was chosen as the indicator pollutant to
provide an estimate of the geographic area that was impacted by air emissions from
SRSNE. There were, however, many other compounds that were handled by SRSNE
that have the potential to be human carcinogens.

The modeling of air releases from SRSNE resulted in Southington being divided
into four air exposure categories, which are presented in Table 4 and Figure 2. The ma-
jority of the town was not impacted by air emissions from SRSNE. Air level 1 is the low-
est exposure category and those areas combined to account for 71% of the Southington
population. The areas in closest geographic proximity to the site received the highest
exposures. Air level 2 and level 3 combine to account for 29% of the Southington pop-
ulation. Air level 4 is the highest exposure category and no persons lived in this portion
of the town. The shape and distance of the geographic areas impacted by emissions was
influenced by the topography of the area and the prevailing winds.

Estimates of the Population at Risk
To calculate the SIRs, an estimate of the population at risk was made. The 1980 STF1b
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tape from the US Bureau of the Census was used to provide age-specific information for
each census block. The 1980 census was chosen for the population estimate because it
was the midpoint of the study period. The census blocks with the same exposure scores

Table 4 Population and Contaminant Levels of Air Exposure Categories, Southington, CT

Water Exposure Estimated TCE Level per

Category Category (pg/m?) Population® No. of Census Blocks
Southington 36,723 295

Level 1 less than 0.01 25,895 200

Level 2 0.01 to <0.015 5,585 46

Level 3 0.015 to <0.10 5,243 46

Level 4 0.10 or greater 0 3

21980 census figures
pg/me = micrograms per cubic meter
Source: (20)

Estimated
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Figure 2 Geographic areas exposed to air emissions from solvents recovery systems of New
England, Southington, CT, 1980.
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were summed to derive population estimates for the various air and water exposure
categories.

Analysis

The indirect method of age standardization and State of Connecticut incidence rates
from the DPH Tumor Registry were used to calculate age SIRs. SIRs were calculated for
each tumor site and all of the tumor sites combined for each drinking water and air ex-
posure ranking. The indirect rather than direct method of age standardization was cho-
sen for these analyses because the number of cases was small, resulting in incidence
rates that would be too unstable for age standardization using the direct method. A
Bonferroni correction was made to adjust for multiple comparisons (19).

Results

No statistically significant increase in the SIR was found for cancer of the bladder, kid-
ney, liver, or testis, leukemia, NHL, or Hodgkin’s disease for any of the exposure cate-
gories when compared with State of Connecticut incidence rates. The total SIR of all
tumor sites combined demonstrated a statistically significant increasing trend in rela-
tion to increasing exposure to air emissions. For males and females combined, the SIRs
were as follows (see Table 5):

e Air level 1: SIR=0.89 (95% confidence interval, 0.70, 1.08)
e Airlevel 2: SIR=0.99 (95% CI, 0.62, 1.37)
e Air level 3: SIR=1.04 (95% CI, 0.62, 1.47)

Among individual tumor sites, the risk of NHL among females was elevated in lo-
cations where the air exposure levels were estimated to be the greatest. Among females,
the SIRs were as follows (see Table 6):

e Air level 1: SIR=0.59 (95% CI, 0.09, 1.09)
e Air level 2: SIR=0.59 (95% ClI, 0.00, 1.50)
e Air level 3: SIR=2.42 (95% CI, 0.37, 4.46)

The elevation of risk was not consistently shown among males.
The results of the study are presented in more detail in the complete report of the
study (20).

Discussion

This study was conducted in response to citizen concerns that persons living in neigh-
borhoods near the SRSNE Superfund site were experiencing higher rates of cancer than
was the general population. It was known that these persons had been exposed to emis-
sions from SRSNE, but it was less clear whether the rate of cancer was higher among
them than would normally be expected.

Traditionally, cancer rates are calculated for geographic areas with specific political
boundaries such as a state or town. Use of a GIS allows disease rates to be calculated at
a smaller geographic level. In this study the census block is the unit of analysis.

The GIS was used to improve the exposure assessment and locate each case on a
map (geocoding). The mechanization of the geocoding process by the GIS allowed the
study to be conducted in a more efficient manner than would have been possible with
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mapping the location of the cases manually. This enabled the evaluation of whether
there was an association between exposure to emissions through the air or public drink-
ing water and the incidence of selected types of cancer.

Census block areas with the same relative exposure rankings were grouped for
analysis. Air and water exposures were evaluated separately. Age SIRs were calculated
for each tumor site by gender and by relative measure of exposure to TCE emissions in
the air and the drinking water. No statistically significant increase in the SIR was found
for cancer of the bladder, liver, kidney, or testis, leukemia or Hodgkin’s disease for any
of the exposure categories when compared with the state of Connecticut. For the total
of all tumor sites combined, there was an increase in the SIR for increasing exposure to
air contaminants.

The rate of NHL among females was elevated where the air emission rates were es-
timated to be the highest, although this increase did not achieve statistical significance.
Seventeen cases of NHL were diagnosed among women where seven cases would have
been expected to occur during this same time period. A similar elevation did not occur
among men.

Non-Hodgkin’s lymphoma has been increasing dramatically over the past several
decades with no clear explanation for the increase. A review of the epidemiology of
NHL in Connecticut documented not only the increase in NHL, but also that the his-
tology of the tumors is tending to change. Proportionally, more cases of nodular NHL
are occurring. The ratio of diffuse cell type to nodular cell type among women had de-
creased from 9:1 to about 3:1 from the 1960s to the 1980s (21). Of the 17 women with
NHL in the high air exposure area, only 9 had diffuse cell type and 8 had nodular cell
type (ratio of 1.1:1). For cases of NHL among women in the unexposed portion of town,
18 had diffuse cell type and only 4 of the 22 cases had nodular cell type (ratio of 4.5:1).
Therefore, in the higher air exposure area of this study more of the cases among women
are nodular NHL, the same histology of NHL that is increasing in incidence in
Connecticut. Previous studies of environmental contamination have shown associa-
tions between exposure to solvents and incidence of NHL (14).

These data suggest that women living in the portion of town exposed to emissions
from SRSNE through the public water distribution system and the air did experience an
increased risk of NHL. Women may have been at their home for a higher portion of the
day and therefore experienced a higher exposure than men. However, this study can-
not determine whether or not exposures to emissions from SRSNE in the air or water
caused any cases of NHL or any other cancer in the town of Southington.

The increasing incidence of NHL over the past few decades supports the need to
conduct additional epidemiological research into the possible role of environmental ex-
posure to solvents as a possible risk factor in the development of NHL.

This study of cancer incidence in Southington, Connecticut, has several limitations.
While it does use cancer incidence information from the Tumor Registry, these data con-
tain only limited individual data including gender, date of birth, and date of diagnosis.
Other relevant risk factors including smoking, family history, and occupation are not
routinely available. While Tumor Registry case ascertainment is considered to be very
complete, people could have been exposed and then moved from the area prior to di-
agnosis of their disease.

The population estimates for calculation of the risk measurements were derived
from the 1980 census data and do not take growth of the population or migration into
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consideration. The population of Southington has grown from 30,746 in 1970, to 36,879
in 1980, to 38,501 in 1990. The 1980 date was selected because it represents the midpoint
of the study period.

It must be kept in mind that as an ecological study design this can only be consid-
ered hypothesis generating, and that this type of study is not intended to demonstrate
a causal relationship (22).

The air exposure estimates are derived from actual chemical use information from
the EPA, DEP, and SRSNE company records. Engineering assumptions are used, how-
ever, to estimate the amount of TCE released into the air, and average meteorological
conditions are used to assist in the estimation of the TCE dispersion.

The water exposure estimates are derived from monitoring data, water usage data,
and pipe characteristics. However, water exposure and consumption information
for individuals is not known. TCE was modeled as the indicator contaminant be-
cause it was found in both the drinking water and air, but it represents only a qualita-
tive indication of the geographic areas in Southington most likely to be impacted by
contaminants.
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